The aim of the present study was to investigate the prevalence and to identify the nim gene types among Gram-negative anaerobic clinical strains belonging to different species, isolated from hospitalized patients, in Athens, Greece.
Since 2003, Gram-negative anaerobic bacteria have been referred from neighbouring hospitals to Laikon General Hospital, for confirmation of species identification and/or susceptibility testing. Clinical specimen and culture processing was performed in the microbiology departments of the respective hospitals. Species identification was confirmed in the microbiology department of Laikon General Hospital using standard methodology. 1 Metronidazole MICs were determined using the Etest method (AB Biodisk, Solna, Sweden). Susceptibility plates were incubated in a Bactron Anaerobic Chamber (Cheldon Manufacturing, Cornelius, OR, USA) for 48 h. CLSI guidelines were followed for interpretation of the results and quality control perfomance.
5
All isolates having an MIC ‡ 2 mg/L were investigated by PCR for the presence of nim-class genes, followed by characterization of the positive result using DNA sequencing. 3 All nim-positive strains were additionally investigated by PCR for the presence of elements IS1168, IS1169 and IS1170. 3 A total of 315 non-duplicate Gram-negative anaerobic clinical strains were collected during the period 2003-2005, comprising 191 Bacteroides fragilis group, 34 other Bacteroides non-fragilis, 57 Prevotella, 17 Fusobacterium, 6 Porphyromonas and 5 Veillonella spp.
As shown in Table 1 , 21 isolates (6.6 %) exhibited metronidazole MIC ‡ 2 mg/L (12 were resistant, 1 was intermediate and 8 exhibited reduced susceptibility), of which 8 were positive for the presence of nim-class genes (3, 2, 2 and 1 strains harboured nimE, nimD, nimC and nimA genes, respectively). Only three of the eight nim-positive strains were Bacteroides spp. Elements IS1169 and IS1168 were detected each in a single nim-positive Bacteroides spp. isolate.
The present study demonstrated that metronidazole resistance may be an emerging problem in Greece, as a rate of 4.2% was recorded, mainly among Prevotella and Bacteroides spp. isolates. Metronidazole resistance is not frequent in European countries, 2 although rates up to 7% have been detected among Bacteroides spp. 3 Previous studies reporting the presence of nim genes in both resistant as well as susceptible Gram-negative anaerobic bacteria were confirmed here as well; 3 three of the eight nim-positive isolates exhibited a susceptible or intermediate metronidazole MIC of 4-16 mg/L, whereas the remaining five were resistant. Nevertheless, it was also demonstrated that this is not the most prevalent metronidazole resistance mechanism among anaerobic bacteria in Greece, as the respective genes were not detected in a number of metronidazole non-susceptible isolates. The possible existence of alternative resistance mechanisms has been described, 4 and this may be the situation regarding the nim-negative metronidazole-resistant isolates reported here.
The study additionally demonstrated the presence of nim genes among Gram-negative anaerobic species other than Bacteroides spp. and indicated differences between species, MIC distribution and nim gene positivity. Among fully resistant isolates (MIC ‡ 32 mg/L), nim genes were detected mainly in Prevotella spp., whereas among intermediate and susceptible isolates (MIC £ 16 mg/L), nim genes were detected only among Bacteroides spp. Nevertheless, as only strains isolated in a particular area of Greece were investigated, further multicentre studies are needed in order to reach a definite conclusion regarding this association.
It has been reported previously that the different expression of resistance (MIC 2 to >32 mg/L) among nim-positive isolates may be attributed to the presence of IS elements. 3, 6 In our study, IS elements were detected in two nim-positive isolates, which were both metronidazole non-resistant (one intermediate and one susceptible). Overall, two of the three nim-positive Bacteroides spp. were IS-positive, whereas all five nim-positive strains belonging to species other than Bacteroides spp. were IS negative. In that respect a possible species-or genus-specific resistance mechanism may exist, as other studies also have reported the presence of IS elements only among Bacteroides spp. isolates. 3, 6 An unknown IS element, or involvement of a different nim gene activation pathway, as previously described, 4 may explain the situation regarding the rest of the nim-positive IS-negative isolates. Notwithstanding the small sample size, IS specificity regarding nim gene type was according to previous reports, as IS1169 was found in a nimD-positive strain and IS1168 in a nimA-positive strain. 7 In conclusion, the present study confirmed the dissemination of nim genes among both susceptible and resistant isolates belonging to a wide range of Gram-negative anaerobic bacterial species, other than Bacteroides spp., and also indicated possible differences between species, MIC distribution, nim gene and IS element positivity, differences that need further evaluation. In that respect, the importance of periodic susceptibility testing of anaerobic bacteria is emphasized, coupled with continuous surveillance of the respective molecular resistance mechanisms.
